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1
FLEXIBLE MARINE SEISMIC SOURCE

" BACKGROUND OF THE INVENTION

1. Object of the Invention
This invention relates to an improved seismic energy

source which generates low-frequency signals used in
searching for petroleum under a waterbody. In particu-

lar, it relates to a seismic source having a number of

closed flexible sleeves which transmit a varying fre-
quency modulated signal into the water. A relatively
low pressure hydraulic source keeps the sleeves inflated
and oscillates the sleeve’s compliant wa]ls at the desired
frequency. |
2. Field of the Invention |

- The ever more difficult search for petroleum has led
- to exploration in areas which were through by many

just a short time ago to be incapable of producing petro-

leum at an economically feasible price. The rising price
of petroleum coupled with its relative domestic scarcity
“has made acceptable the costs associated with produc-
tion in such forbidding regions as Alaska and the North
Sea, as well as in a number of North Amerlcan off‘shore
areas. - - |
Of the many methods usod in the prospecting for
subsea petroleum, few have attained as w1de5pread an
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acceptance as has the use of towablo marine seismic

SOUrces.

The theory of operatlon in using acoustic sources to
-search for petroleum is quite simple. An acoustic signal
is introduced into the water body from an acoustic
source towed behind a ship. The acoustic wave propa-
gates down through the water, across the water-floor
interface, and into the subfloor geologic formations.
The resultant echoes are, so some extent, reflected back
across the same path to an array of geophones waiting
near the water’s surface. Analysis of the signals pro-
duced by the geophones can provide some instruction
concerning the structure of the subfloor geological
formations and attendant petroleum accumulation
within those formations.

The term “water” as used herein is meant to include
swampwater mud, marshwater, seawater or any other
liquid containing sufficient water to enable operation of
the invention. |
~ There are a number of different methods for produc-
ing an acoustic pulse. For instance, the earliest attempts
entailed the use of solid explosives. This method pro-
duces a strong acoustic wave which, aooordlngly,
achieves substantial penetration into subfloor geologic
formations and a strong return echo. Solid explosives
possess certain obvious drawbacks: they are dangerous
to store, handle, and use. When set off in open water,
they kill marine life. In a crowded area such as a harbor,
they cannot be used at all. Solid explosives are orders of
magnitude more expensive to use, on a per-shot basis,
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than are most other acoustic sources. Modification of -

the acoustic signature to achieve an acceptable spec-
trum distribution is most- difficult.

Apparatus using explosive gas mixtures, e.g., propane 60

and oxygen, to produce an acoustic signal in the form of
a pulse or shock wave have gained wide acceptance.
The two major types of explosive gas guns are: first,
those which operate by exploding a combustible gas
mixture behind a flexible membrane which is in turn in
contact with the water; and, second, those Wthh oper-
ate by allowing the abrupt bubble from the gas explo-
sion to pass dlrectly into the water. An example of the
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former apparatus can be found in U.S. Pat. No.
3,658,149; an example of the latter apparatus can be
found 1in U.S. Pat. No. 4,193,472,

Devices using high pressure compressed gases to
generate an acoustic pulse are also widely used by the
industry. These apparatus, or guns, typically employ a
gas-holding chamber which is first pressurized to a
pre-set level and then is fired by allowing the pressur-
ized gas to explosively exit the gun into the surrounding
water. Examples of open-ported pressurized gas guns
are found in U.S. Pat. No. 3,653,460, to Chelminski, and
U.S. Pat. No. 4,141,431, to Baird.

- 'The device of the present invention is a member of a
class which generates a relatively low-power and low-
frequency (10-100 Hz) acoustic signal which extends
over a period of seconds. The transmitted signals are by

“design low-frequency to reduce attenuation losses in the

reflected waves. The transducer in the disclosed device
is an array of flexible sleeves in contact with the water
and 1s driven by a modulated hydraulic actuator. Unlike
the previously mentioned devices which emit but a
single spike-like pulse and thereby provide a discreet
echo at some readily determinable point in time, these
devices often vary the frequency of the transmitted
signal in some pre-set manner so that a unique instanta-
neous frequency in the reflected signal can be corre-
lated with that frequency in the transmitted signal. The
reason for varying a property such as frequency during
a signal should be apparent. A spike-like pulse has but a
single echo from a particular point below the ground. A
single frequency signal that lasts several seconds would
result in echoes carrying little or no useful information.
It would be substantially impossible to determine
whether the echo resulted from the beginning of the
signal or its end. Consequently, the time for transit of

the signal into the earth and return would be lost.

A signal used by the invention may have a duration of
several seconds and linearly sweep the frequency range
between two points, e.g. 10 Hz and 100 Hz, whereupon
the signal ceases and restarts at 10 Hz. During each
sweep, the instantaneous frequency of received signal
can be correlated with high precision with that of the
transmitted signal. Variations of the transmitted signal
may be desirable. For instance, the swept signal need
not be continuous throughout the sweep range. A non-
continuous signal can solve a problem known as “ring-
ing”. This occurs when the distance between the wa-
ter’s surface and an acoustically hard bottom is some
discreet multiple of an acoustic signal wavelength. A
standing wave is created which, upon reception by the
hydrophones, effectively overrides and obliterates any
meaningful information carried in returning echoes
having a different frequency. If the “ringing” frequency
1s, e.g., about 21 Hz, then an acoustic sweep ranging
from 10 Hz to 100 Hz can be silenced between 17 Hz
and 25 Hz. Other seismic sources which emanate “white
noise”, such as gas guns, cannot be so readily tuned and
therefore may be completely ineffective in certain sub-
sea areas.

[t is not necessary that the signal be linearly increas-
ing. It may be netther linear nor increasing just so long
as the frequency of the echoed signal can be closely
correlated as a function of time with the transmitted
signal.

Another major problem associated with the low-
power, low-frequency chirp seiemic sources is one of
efficiency. It 1s difficult to design a hydraulically pow-
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ered seismic source in which a significant proportion of
Its input power appears in the output acoustic signal.
Consequently, a number of hydraulically powered seis-
mic sources use a fairly high internal hydraulic pressure
to assure sufficient and usable signal strength in the
returning echo.

The device disclosed herein is intended to provide
high efficiency by maximizing the area of the flexible
transducer exposed to the water. By doing so, the seis-
mic source also allows the use of a relatively low pres-
sure hydraulic system.

SUMMARY OF THE INVENTION

The invention, as mentioned above, uses a number of
flexible sleeves as the transducer applying the acoustic
wave to the water. The flexible sleeves can be made up
of an elastomeric material such as rubber or neoprene
and filled with a liquid which is pulsed at a desired
varying frequency by a single on-ship marine vibrator
or modulator. The hydraulic fluid filling the sleeves,
desirably water, may be kept at a relatively low pres-
sure. The portion of the seismic source system that is
trailed in the water from a ship is significantly lighter
than analogous known marine vibrators. The high sur-
face area of the flexible sleeves provides effective cou-
pling of the device to the water.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B schematically depict two configu-
rations of individual hollow sleeves used as transducers
in the seismic source.

FIGS. 2-4 schematically depict various configura-
tions of the inventive sleeve transducers and apparatus
suitable for relaying an oscillating hydraulic liquid to
the transducers.

FIG. S is an elevation of a seismic ship deploying
sleeve transducers built according to the invention.

FIG. 6 1s a view from the aft end of one array of the
inventive sleeve transducers.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The device is elegant in its simplicity. A single on-
ship apparatus is used to produce a varying low fre-
quency acoustic signal in a hydraulic liquid. The hy-
draulic liquid is then directed to a large array of flexible
transducers below sea level. The oscillating hydraulic
liquid may flow through the transducers and back to the
ship. The hydraulic liquid alternatively may be non-
flowing and within a large closed system terminated by
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flexible sleeve 12. The hydraulic fluid within chamber
14 is intended to keep the flexible sleeve 12 inflated
against the hydrostatic pressure of the water surround-
ing the source during use and to transmit the desired
frequency to the sleeve 12 and thence to the water.

The transducer 10 is closed by an end 20. The de-
picted end 20 is a stiff cap which serves to keep the
sleeve 10 in a relatively cylindrical form. It may be, as
itlustrated, streamlined to allow the seismic source to
move through the water with relative ease. The end 20
may also be integral with the sleeve 12 or may be as
simple in construction as a plug.

The transducer in FIG. 1A is used as the termination
of a static or closed system. There is no continuous flow
through the transducer. There will obviously be some
flow in and out of the chamber 14 as the flexible sleeve
12 ripples in response to the pulsed fluid in line 16.

Conversely, the transducer depicted in FIG. 1B is
used 1 a flowing system. The pulsed hydraulic fluid
flows into hydraulic line 17. It enters the transducer at
a first end and proceeds through feed pipe 22 to a sec-

- ond end 20. The feedpipe 22 is approximately concen-
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the transducers. In either event, each of the flexible,

preferably sleeve-shaped, transducers ripples or pulses
at the frequency of the on-board oscillator.

A central feature of this invention is the flexible
sleeve transducer. FIG. 1A depicts the transducer 10 in
1ts most basic form. The transducer has a flexible and
expansile sleeve 12 which may be cylindrical in the
form and is composed of an elastomeric material such as
rubber or neoprene. The sleeve 12 encloses a chamber
14. The chamber 14 is in hydraulic communication via
hydraulic line 16 with a hydraulic actuator (not shown
here). Hydraulic line 16 should be of a fairly stiff con-
struction. In this way most of the energy in the pulsing
liquid is transmitted to the water through the flexible
sleeve and little is lost flexing the feed lines. The cham-
ber 14 may optionally contain a billet 18 which merely
serves to occupy a central porion of the volume of
chamber 14 and provide a layer of liquid against the
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tric with sleeve 12. From there, it flows back into the
chamber 14 wherein it pulses sleeve 12. The fluid then
exits the seismic source through lines 24 either back to
the hydraulic source (not shown) or elsewhere. The
hydraulic fluid may be seawater and, if such is the case,
returned to the sea. It may be recycled if desired. If the
seawater 1s merely returned to the sea, then a device
capable of maintaining backpressure in chamber 14
must be installed either in line 24 or at the point where
the hydraulic fluid exits the transducer 10.

FIGS. 2, 3, and 4 show apparatus suitable for impos-
Ing a varying frequency upon the transducers found in
FIGS. 1A and 1B.

FIG. 2 schematicizes a closed actuator system which
1s especially suited for the transducer in FIG. 1A. A
single transducer 10 is depicted below the surface of the
water although, as will be discussed later, a number of
flexible transducers in an array normally will be de-

ployed. |

The apparatus in FIG. 2 operates by using a double-
ended piston 30. The volume 32 in the primary end of
the cylinder 34 is varied at a desired frequency. The
varying volume presses on primary piston head 36
which in turn moves the secondary piston head 38. The
sum of the liquid in secondary volume 40, stiff hydraulic
line 16, and transducer 10 is a constant. When piston 30
moves at a particular frequency, the flexible sleeve 12 in
transducer 10 expands and contracts at that frequency.
The acoustic wave consequently is conveyed into the
water. | |

The primary piston head 36 is oscillated in cylinder
34 by a pump 42 and a control valve 4. Pump 42 desir-
ably takes suction on a tank 46 having a constant pres-
sure. A standpipe in tank 46 may be desirable in assuring
constancy of pump inlet pressure. In any event, the
pump 42 passes a liquid into volume 32 where it presses
against primary piston head 36. Primary piston head 35
pushes against spring 48. The pressure in volume 32,
and hence the distance primary piston head 36 moves
against spring 48, is determined by frequency control
valve 44. Frequency control valve 44 is simply a valve
which is oscillated in the flowing stream exiting volume
32 at a desired frequency. For instance, a frequency
controller 52 might direct valve 44 to stroke at a rate of
10 times per second and linearly increase to a rate of 40
times per second over a 30-second interval. The fre-
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quency of the valve stroke will be seen in the movement
of piston 30 and the subsea srgnal-produelng pulse of
flexible sleeve 12.

Although the frequency actuation system shown | in
FIG. 2 has the advantage of simplicity and light weight,
in that only one hydraulic line 16 need be over the side
of the survey vessel 50, care must be taken to eliminate
gases from volume 40, hydraulic line 16, and transducer
10. Although the device will operate even though com-
pressmg gases therein, the movement of flexible sleeve
12 is diminished and, with it, the Elblllty to efficiently
transfer a 31gnal to the water. |

- FIGS. 3 and 4 show a system for 1nduc1ng a srgna]
having a partlcular frequency into the inventive seismic
source by using a flowing hydraulic fluid. These config-
urations are especially suitable for the seismic source
shown in FIG. 1B. Both systems pulse the seismic
source 10 by varying the pressure in the seismic source
at the desrred frequenc1es |

In FIG. 3, pump 42 sends llquld preferab]y at.a rela-
tively constant pressure, to the seismic source 10 via

stiff hydraulic line 17. The liquid is at sufficient pressure
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6
the hydraulic fluid flows back on shipboard through a

return conduit 24 between transducer 10 and manifold
74. The return hydraulic fluid is collected in four main
return conduits 67, 69, 71 and 73 which run into mani-
fold 64. The fluid is then recycled back to surge drum
46.

Further, conduits 66, 68, 70, 72 and 16 are sized so
that the plurality of conduit paths from pump 42 to the
transducers 10 are of substantially of equal hydraulic
length. Thus, sleeves 12 will expand and contract syn-

chronously and produce the desired aggregate or com-
bined seismic signal.

In operation, the arrays of transducers are deployed
at the desired depth in the sea or lake, as shown in FIG.
5. The discharge pressure of pump 42 is set taking into
account the depth of the transducers and other factors.
The hydraulic fluid is preferably seawater (or lakewa-

~ ter, in the case of a lake), primarily because of its low

20

to expand the flexible sleeve 12. The liquid is released

- from the expanded sleeve 12 at a frequency correspond-

ing to that desired of the seismic source by stroking

~control valve 44. Control valve 44 is operated by a

frequency controller 52 similar to the one discussed

' ~with respect to FIG. 2. A surge tank 46 may be installed
between: frequency control valve 44 and the inlet to

pump 42.

FIG. 4 shows alternate apparatus for applylng a flow-
ing pulsing liquid to the inventive seismic source. In this
configuration, the discharge of pump 42 is stroke using
a frequency control valve 44. Back pressure is main-
tained on seismic source 10 by valve 60. Again, the stem
of valve 44 is oscillated at the required or desired fre-

- quency by a frequency controller 52: A surge tank 46

may be located between the back pressure valve 60 and

the intake of pump 42. It may have a standpipe therein

to maintain a relatively constant pump inlet pressure.
FIG. § is a schematic representation showmg deploy-

‘ment of the invention. Several arrays of transducers are

towed by a seismic vessel 50. Vessel 50 has four davits
51, each for towing an array of transducers 10 by means

~ of an appropriate tow line 53. Tow line 53 is connected

to a yoke 56 to which the individual transducers 10 may

be connected by wire lines between the yoke 56 and the
transducers 10. |

In the preferred embodlment each array includes

fifteen transducers. See FIG. 6. Thus, the vessel can

tow up to sixty transducers at one time. This feature
permits the use of relatively small, manageable trans-

ducers while the.: total surface area available to radiate
-energy into the water remains large.

Vessel 50 carries a pump 42, frequency control valve

44, a surge tank 46, and a manifold 64. The depicted

on-ship system is similar in operation to the system in
FIGS. 3 and 4. Pump 42 is connected by a suitable
conduit to valve 44 which modulates the pressure of the

hydraulic fluid, as will be explained more fully. Mani-
fold 64 divides the flow from the valve 44, among four
main conduits 66, 68, 70, 72, which preferably are large
diameter, low resistance hoses. Each of these hoses
connects manifold 64 to a second manifold 74 affixed by
bolts or other suitable means to each yoke 56. Manifold
74 distributes the flow from its main conduit among
fifteen smaller conduits 17 which lead from manifold 74
to the individual transducers 10. In this configuration,

cost and ready availability. As the vessel moves through
the water, the frequency controller valve 44 is con-
trolled to modulate the pressure of the hydraulic fluid in
the transducers, causing sleeves 12 alternately to expand
and contract or ripple and produce the desired seismic

- signals. Cable 80 trailing from the stern of the vessel, is
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attached to a number of hydrophones which pick up
signals reflected from the earth underlying the body of
water. These signals are processed and analyzed to give
some indication of the subsea geologic structure.

The foregoing disclosure and description of the in-
vention are illustrative and explanatory thereof, and
various changes in the size, shape and materials, as well
as in the details of the illustrated construction and oper-
ation may be made within the scope of the appended
claims without departing from the spirit of the inven-
tion.

I claim:

1. A marine seismic source comprising:

a plurality of flexible elongated sleeve-shaped trans-
ducers adapted to generate acoustic seismic signals
upon application of a pulsing fluid to the interior of
the sleeve, each having a first end and a second end
and containing a feed pipe which is inside and ap-
proximately concentric to said sleeve-shaped walls
and extending from the first end to the vicinity of
the second end wherein the lead pipe releases said
pulsing fluid and is in communication at the first
end to said source of pulsing fluid,

an outlet in said transducers’ first end in communica-
tion with the space between the sleeve-shaped wall
and the feed pipe allowing said pulsing liquid to
leave said transducers,

a source of pulsing fluid,

a plurality of stiff-walled conduits connecting the
plurality of transducers to the source of pulsing
liquid and each adapted to be of equal hydraulic
length between said source and said transducers,

whereby said flexible transducers can oscillate and
produce a seismic signal.

2. The apparatus of claim 1 wherein the sleeve-

60 shaped transducers have walls comprised of a member

65

“selected from the group of rubber and neoprene.

3. The apparatus of claim 1 additionally including a
conduit connected to the outlet in the first end and
adapted to recycle the pulsing liquid back to the source
of pulsing liquid.

4. The apparatus of claim 1 additionally including
means connected to the outlet in the first end adapted to
maintain pressure on each of satd transducers.
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5. The apparatus of 1, 3 or 4 wherein the pulsing
liquid 1s seawater.

6. The apparatus of claim 1 wherein the source of
pulsing fluid is adapted to increase the frequency of

pulsing linearly with time between about 10 Hz and
about 10 Hz.
7. A marine se1Smic source comprising:
at least one transducer having flexible sleeve-shaped
walls and adapted to generate acoustic marine sig-
nals upon application of a pulsing fluid to the inte-
rior of said transducer, and also having a first end
and a second end and containing a feed pipe which
1s instde and approximately concentric to said flexi-
ble sleeve-shaped walls and which feed pipe ex-
tends from said first end to the vicimty of said

second end and i1s in communication at the first end

with a source of pulsing fluid and said at least one
transducer having an outlet in the first end in com-
munication with the space between said sleeve-
shape walls and the feed pipe whereby pulsing fluid
can exit said at least one transducer, and

a source of pulsing fluid,

means for modulating the pressure of the pulsing fluid
at a frequency in the range of 10 Hz to 100 Hz, .
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whereby said at least one transducer 1s capable of 25

generating a marine seismic signal.
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8. The apparatus of claim 7 wherein each of said at
least one transducer includes a billet within the flexible
walls which serves to lower the volume of the trans-
ducer, said walls enclosing but not contacting said bil-
let.

9. The apparatus of claim 7 wherein the source com-
prises at, least one array of said transducers each con-
nected to said source of hydraulic fluild by conduits
having substantially the same hydraulic length.

10. The apparatus of claim 9 wherein said source
comprises four arrays of transducers in three rows of
five each. |

11. The apparatus of claim 7 additionally including a
conduit connected to the outlet 1n the first end and
adapted to recycle the pulsing liquid back to the source
of pulsing liquid.

12. The apparatus of claim 7 addltlona]ly including

-means connected to the outlet in the first end adapted to

maintain pressure on each of said transducers.
13. The apparatus of claim 7, 11 or 12 wherein the

 hydraulic fluid is seawater.

14. The apparatus of claim 7 wherein the source of
pulsing fluid i1s adapted to increase the frequency of

pulsing linearly with time between about 10 Hz and
about 100 Hz.

*x % * ¥ *



	Front Page
	Drawings
	Specification
	Claims

